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Abstract
Background: High-intensity focused ultrasound (HIFU) ablation is a non-invasive treatment for hepato-
cellular carcinoma (HCC). At present, data on the treatment's long-term outcome are limited. This study
analysed the survival outcome of HIFU ablation for HCCs smaller than 3 cm.
Patients and methods: Forty-seven patients with HCCs smaller than 3 cm received HIFU treatment
between October 2006 and September 2010. Fifty-nine patients who received percutaneous radiofre-
quency ablation (RFA) were selected for comparison. The two groups of patients were compared in terms
of pre-operative variables and survival.
Results: More patients in the HIFU group patients had Child–Pugh B cirrhosis (34% versus 8.5%; P =
0.001). The 1- and 3-year overall survival rates of patients whose tumours were completely ablated in the
HIFU group compared with the RFA group were 97.4% versus 94.6% and 81.2% versus 79.8%,
respectively (P = 0.530). The corresponding 1- and 3-year disease-free survival rates were 63.6% versus
62.4% and 25.9% versus 34.1% (P = 0.683).
Conclusions: HIFU ablation is a safe and effective method for small HCCs. It can achieve survival
outcomes comparable to those of percutaneous RFA and thus serves as a good alternative ablation
treatment for patients with cirrhosis.
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Introduction
Hepatocellular carcinoma (HCC) is a common cancer and the
third most common cause of cancer mortality. The incidence of
HCC is particularly high in Asia where hepatitis B virus infection
is endemic. Hepatitis-B-related cirrhosis and HCC make a bad
combination for patients as treatment options are relatively lim-
ited.1 Hepatectomy and liver transplantation are widely accepted
as good treatment choices for most patients with small HCCs.
However, local ablation therapy is a very good alternative for
patients who do not want or cannot tolerate a major surgical
procedure.2 Among the different methods of ablation for HCC,
radiofrequency ablation (RFA) is relatively popular because of its
simplicity and repeatability.
Since 2005, RFA has been recommended as a treatment option
in the practice guidelines issued by the American Association for
the Study of Liver Disease.3 Percutaneous RFA has been shown to
provide complete ablation results and good survival outcomes,
especially in treating small HCCs. However, when lesions are
located at difficult sites, such as the liver dome or sites near the
liver capsule, percutaneous RFA will probably result in a residual
tumour. Moreover, patients with gross ascites which is a sign of
decompensation of cirrhosis may not be suitable for this treat-
ment modality.
High-intensity focused ultrasound (HIFU) ablation is a rela-
tively new treatment for HCC. Long-term data are still lacking.
HIFU treatment utilizes a unique frequency of the ultrasound
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wave of 0.8 to 3.5 MHz, which can be focused at a distance from
the therapeutic transducer. The accumulated energy at the
focused region causes oscillation of the particles, inducing necro-
sis of the target lesion by elevating the tissue temperature to above
60°C.4,5 As very little collateral damage to the peripheral structure
is made, this treatment modality has been shown to be a safe
procedure in patients even with advanced cirrhosis.6 This study
analysed the results of HIFU ablation and percutaneous RFA in
the treatment of HCCs smaller than 3 cm.
Patients and methods
From October 2006 to September 2010, 1321 patients at Queen
Mary Hospital were diagnosed with HCC, and 457 (34.6%) of
them received surgical intervention. The clinical data were
recorded prospectively. Patients with primary HCCs smaller than
3 cm and first recurrence were included in this study. Patients who
had multiple treatments and patients with extrahepatic disease
were excluded from the study.
HCCwas diagnosed if (i) the AFP is greater than 200 ng/ml and
the radiological appearance of the mass is suggestive of HCC or
(ii) there are typical arterial enhancement patterns with portal
venous wash out in two imaging modalities.3
All patients with HCCs smaller than 3 cm were evaluated for
operability. Their general condition, liver function, tumour status
and tumour location were assessed. As a general guideline, a hepa-
tectomy or open RFA was offered as a first treatment if the
patient’s liver function and physical status were satisfactory and
a liver transplantation was offered if the patient had advanced
cirrhosis rendering a hepatectomy a high-risk procedure.
For patients who preferred a less invasive approach, percutane-
ous RFA was offered if technically feasible as assessed by an expe-
rienced radiologist. HIFU ablation was offered to patients with
poor liver function or decompensated cirrhosis as documented by
(i) the presence of gross ascites, (ii) Child–Pugh B or above and
(iii) tumours located at sites considered difficult for percutaneous
RFA. HIFU ablation was also offered to patients as an alternative
ablation treatment for those who want to avoid needle puncture
from RFA. Transarterial chemoembolization was reserved for
non-ablatable tumours in this series. Patients who received mul-
tiple treatments and crossover treatment with RFA were not
included in this study.
Percutaneous RFA
Percutaneous RFA was performed by an experienced liver surgeon
together with one or two experienced interventional radiologists.
The ablation was performed with ultrasound guidance under
local anaesthesia with light sedation. All RFA treatments were
performed according to a standard protocol, using the cool-tip RF
system (Radionics, Burlington,MA, USA). A single electrode with
a 2- or 3-cm exposed tip was used for tumours smaller than 3 cm
in diameter, whereas a clustered probe consisting of three parallel
electrodes was used for tumours around 3 cm in size.Ablation was
performed with a curative intention, aiming to achieve an ablation
margin of 1 cm. A dose of antibiotic (Augmentin; Beecham Phar-
maceuticals, Brentford, London, UK) was given just before the
operation and oral antibiotics were given for 5 days after the
operation.7,8 to avoid a potential risk of infection.
HIFU ablation
HIFU ablation was performed by the same team of surgeons and
radiologists.We used the JCHIFU system (ChongqingHaifu Tech-
nology, Chongqing, China), which consists of an ultrasound
energy transducer which focuses the ultrasound energy at a 12-cm
focal point. A degassed water circulation unit provides a medium
for ultrasound transmissionoutside the body.Patientswere usually
placed in a right lateral position for right-sided lesions and in a
prone position for left-sided lesions.General anaesthesia allowed a
more comfortable procedure. In addition, interval cessation of
respiratory movement, which was performed by an anaesthesiolo-
gist, facilitated better localization of the HCC during energy trans-
fer. In patients with tumours at the dome of the liver, an artificial
right pleural effusion was induced before treatment. An artificial
pleural effusion is introduced by instilling 600 to 800 ml of warm
saline into the patient’s right thoracic cavity. The saline displaces
the lung parenchyma temporarily and a good acoustic pathway for
the ultrasound energy is formed. With respiratory control, the
tumour can be displaced to a location where HIFU beams can be
properly administered.Grey-scale changes of the ablated sites were
observed during the ablation procedure, indicating the tempera-
ture change inside the target lesion.A dose of antibiotic (Augmen-
tin; Beecham Pharmaceuticals) was given just before the operation
and oral antibiotics were given for 5 days after the operation.5,6
Follow-up
Post-operative blood tests for a complete blood picture, pro-
thrombin time and liver and renal functions were performed rou-
tinely on days 1, 3, 7 and 14, or according to specific clinical
situations. Contrast computed tomography or magnetic reso-
nance imaging was performed 1 month after ablation. Assessment
scans were performed with 3-month intervals during the first 2
years and with 6-month intervals thereafter. Complications were
defined as any deviation from the normal post-operative course.
This definition also takes into account asymptomatic complica-
tions such as arrhythmia and atelectases.9 Complete ablation was
defined as the disappearance of the enhancement pattern of the
lesion as compared with the pre-operative lesion on imaging per-
formed 1month after ablation.Mortality was defined as any death
during the hospital stay or less than 30 days after the intervention.
The location of the liver tumour was described according to the
Brisbane 2000 classification.10
Statistical analysis
Baseline characteristics of patients were expressed as medians
with range. The Mann-Whitney U-test was used to compare con-
tinuous variables, and a chi-squared test was used to compare
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discrete variables. Survival analysis was performed using the time
of disease-free survival versus recurrence of the tumour or death.
Survival curves were computed using the Kaplan–Meier method
and compared between groups using the log-rank test. A P-value
below 0.05 signified statistical significance. All statistical calcula-
tions were made with the SPSS/PC+ computer software (SPSS,
Chicago, IL, USA).
Results
Forty-seven patients received HIFU ablation as a curative treat-
ment and 59 patients received percutaneous RFA. Patients were
enrolled to HIFU treatment in this study as a result of the follow-
ing reasons: (i) 27 (57.4%) patients had failed RFA screening by a
radiologist owing to either poor visualization of lesions or tech-
nical difficulties; (ii) 6 patients (12.8%) had decompensated liver
cirrhosis evidenced by the presence of gross ascites; (iii) 5 patients
(10.6%) had a platelet count lower than 50 ¥ 109/l; (iv) 15 patients
(31.9%) had tumours located close to the diaphragm; (v) 16
patients (34%) had Child–Pugh B cirrhosis; and (vi) 10 patients
(21.3%) preferred a totally non-invasive treatment modality.
In the HIFU group, 47 patients were treated with HIFU ablation
and ablated 52 tumours. The details of patients’ characteristics are
listed in Table 1. Sixteen patients (34%) in the HIFU group and
five patients (8.5%) in the RFA group had Child–Pugh B cirrhosis
(P = 0.001). The two groups showed no difference in terms of the
international normalized ratio, platelet count, and serum levels of
total bilirubin, creatinine, albumin and alpha-fetoprotein. In the
HIFU group, more lesions (55.6%) were located at sections 7 and
8. In the RFA group, fewer tumours (38.4%) were located at the
same sections (P = 0.028). The details of tumours’ characteristics
are listed in Table 2.
Ten patients (21.3%) in the HIFU group developed post-
operative complications. Two of them developed a pneumothorax
after the introduction of an artificial pleural effusion which
required chest tube insertion. One patient had third-degree skin
burn and required surgical debridement. The other patients had
relatively minor complications. Five patients (8.5%) in the RFA
group developed post-operative complications. Two of them
developed a pleural effusion requiring tapping. One patient devel-
oped liver abscess and required percutaneous drainage. One
patient developed oesophageal variceal bleeding owing to decom-
pensation of cirrhosis and required endoscopic haemostasis. The
remaining patient had only a mild wound infection. The details of
the complications are listed in Table 3. When serious complica-
tions (Clavein-Dindo grade IIIA or above) were considered, the
two groups showed no difference.
In the HIFU group, the 1-year overall survival was 97.4% and
the 3-year overall survival was 81.2%. In the RFA group, the
corresponding rates were 94.6% and 79.8% (P = 0.53) (Fig. 1). In
the HIFU group, the 1-year disease-free survival was 63.6% and
the 3-year disease-free survival was 25.9%. In the RFA group, the
corresponding rates were 62.4% and 34.1% (P = 0.683) (Fig. 2).
Discussion
In recent years, there has been much development in HCC-
treating technology and devices, and numerous trials on targeted
therapy have been carried out.11–17 Nevertheless, the general guide-
lines for the treatment algorithm for HCC have been formulated
in actual clinical practice. For HCC patients who do not have
cirrhosis, surgical resection is undoubtedly the treatment of
choice with best survival benefits. On the other hand, the treat-
Table 1 Patient characteristics
HIFU ablation (n = 47) Percutaneous RFA (n = 59) P
Age (years) 62 (34–84) 60 (23–83) 0.095
Male/female 36:11 43:16 0.663
Hepatitis B virus infection 42 (79.2%) 46 (80.7%) 0.849
Hepatitis C virus infection 9 (17%) 10 (17.2%) 0.971
Ascites
Absent 41 (87.2%) 57 (96.6%) 0.148
Present 6 (12.8%) 2 (3.4%)
Child–Pugh class
A 31 (66%) 54 (91.5%) 0.001
B 16 (34%) 5 (8.5%)
Total bilirubin (umol/l) 14 (7–50) 13 (4–57) 0.371
Creatinine (umol/l) 86 (44–878) 78 (46–912) 0.281
Albumin (g/l) 39 (24–46) 39 (23–46) 0.388
International normalized ratio 1.0 (0.8–1.5) 1.1 (0.9–1.4) 0.124
Platelet count (1 ¥ 109) 104 (17–268) 98 (34–228) 0.731
Alpha-fetoprotein (ng/ml) 18 (2–937) 16 (2–10050) 0.694
HIFU, high-intensity focused ultrasound; RFA, radiofrequency ablation.
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ment of HCC in patients with cirrhosis is an entirely different
story. Patient with HCCs even smaller than 3 cm may not tolerate
a hepatectomy if they have advanced cirrhosis.2,18,19 A large
tumour size, difficult tumour location, poor underlying liver
function, comorbidity etc. can also render a hepatectomy impos-
sible. A liver transplantation may be the only ultimate solution for
patients unsuitable for a hepatectomy.20 The post-transplant sur-
vival rate of patients within the Milan criteria can be higher than
90% in 5 years at experienced centres.21,22 Although the results of
liver transplantations are generally good, the scarcity of liver grafts
makes it impossible to transplant everyone in need.Many patients
on the transplant waiting list end up delisted as their disease
progresses rendering them unsuitable for transplantation. So, in
an ‘intention-to-treat’ analysis, survival of patients receiving
transplantation may not be better than that of patients carefully
selected for other surgical means.23
Table 2 Tumour characteristics and operative outcomes
HIFU ablation (n = 47) Percutaneous RFA (n = 59) P
Tumour size (cm) 1.5 (0.8–2.7) 1.9 (1.0–2.8) 0.006
Tumour number
1 42 (89.4%) 52 (88.1%) 0.668
2 5 (10.6%) 6 (10.2%)
3 0 (0%) 1 (1.7%)
Tumour location
I 0 (0%) 3 (4.8%) 0.029
II 1 (1.9%) 5 (7.7%)
III 6 (11.5%) 3 (4.8%)
IV 3 (5.7%) 8 (12.3%)
V 0 (0%) 8 (12.3%)
VI 12 (23%) 13 (20%)
VII 17 (32.6%) 6 (9.2%)
VIII 13 (25%) 19 (29.2%)
Complete ablation 41 (87.2%) 56 (94.9%) 0.290
Hospital stay (days) 4 (2–18) 6 (1–31) 0.028
HIFU, high-intensity focused ultrasound; RFA, radiofrequency ablation.
Table 3 Treatment-related complications
HIFU ablation Percutaneous RFA P
(n = 47) (n = 59)
Patients with surgical complications 10 (21.3%) 5 (8.5%) 0.06
Moderate subcutaneous swelling 1 0
Pneumothorax 2 0
Skin burn 2 0
Myocardiac infarction 1 0
Ascites without tapping 2 0
Fever 1 0
Mild right chest wall swelling and pain 1 0
Wound infection 0 1
Pleural effusion requiring tapping 0 2
Liver abscess 0 1
Variceal bleeding 0 1
Clavien–Dindo grade IIIA complication 2 (4.3%) 4 (6.8%) 0.892
Clavien–Dindo grade IVA complication 1 (2.1%) 0 (0%) 0.508
Hospital mortality 0 (0%) 0 (0%) 1
HIFU, high-intensity focused ultrasound; RFA, radiofrequency ablation.
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The technique of local ablation provides a bright hope for
patients who have cirrhosis in addition to small HCCs.24 RFA is
now widely practiced for its simplicity and repeatability. The com-
plete ablation rate achieved by RFA ranges from 75% to 96%.25,26
RFA can be performed percutaneously under ultrasound or com-
puted tomography guidance. Patients need only local anaesthesia
with sedation. Although percutaneous RFA has been performed
safely in many patients, patients with advanced cirrhosis may not
tolerate it satisfactorily. Many interventional radiologists opine
that patients with gross ascites should avoid percutaneous RFA
treatment.As documented in one of the studies on RFA treatment,
patients with slightly a raised bilirubin level and hypoalbuminae-
mia are prone to complications after RFA treatment for HCC.7
Initial studies on HIFU were mainly carried out in Mainland
China, but now many other centres have started using HIFU for
the ablation of solid tumours.4,27–30 HIFU is a totally extracorpor-
eal tool that has been shown to be effective in treating various
tumours. HIFU treatment makes use of the unique frequency of
the ultrasound wave of 0.8 MHz, which makes penetration in soft
tissue up to 12 cm deep possible. Ascites inside the peritoneal
cavity not only provides a clear image for the diagnostic ultra-
sound unit, it also serves as a good medium for energy transfer.
The presence of ascites also protects subcutaneous tissue from
being damaged by the focused ultrasound energy.6,31 With HIFU,
poor liver function with ascites is no longer a contraindication to
HCC treatment.6 In the present study, there were more patients
with Child–Pugh B cirrhosis in the HIFU group. This was because
patients with ascites were not considered suitable for other treat-
ments and were included for HIFU therapy. Liver function test
results of patients having received HIFU ablation are not mark-
edly different, which is unlike the case with patients having
received RFA. Patients having received HIFU treatment also have
a relatively shorter hospital stay as frequent liver function moni-
toring is not required as collateral damage to the normal liver
tissue is minimal.
The needleless feature of HIFU treatment makes it unique
among all ablation therapies. As HCC is a vascular tumour, RFA
needle placement can cause torrential bleeding.32 Although minor
tumour bleeding or rupture can be controlled by the thermal
ablation at the end of the treatment, patients may suffer transient
hypotension or develop complications; closer monitoring at a
hospital is required. In addition, the insertion of an ablation
needle into a tumour can produce a theoretic threat of tumour
dissemination, particularly if the lesion is near major vessels.32,33
The use of HIFU may reduce these potential problems.
This study included patients with primary HCC because
outcome analysis of HIFU and percutaneous RFA provided
important clinical information. In addition, patients with first
recurrent HCC were included because RFA was considered a
popular and effective treatment option amongst surgeons for
recurrent HCC.34 Haemostasis could be a problematic issue for
open procedures such as adhesiolysis and hepatectomy particu-
larly in patients with cirrhosis and a low platelet count. Percuta-
neous RFA and HIFU treatments were considered less invasive
measures for this targeted group of patients. Although HCC
patients with multiple recurrence and cross-over treatment were
not uncommon, they were not included in this study for compari-
son. The outcome would be difficult to interpret if the analysis
included patients receiving different treatments modalities.
The feasibility of percutaneous RFA is sometimes limited by
tumour location. A location near the liver dome at section 7 or
HIFU 41           40          40          33
RFA 56           53         46           45
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Figure 1 Comparison of overall survival
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Figure 2 Comparison of disease-free survival
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section 8 is a contraindication to percutaneous RFA because of
potential damage to the diaphragm. On the other hand, HIFU
energy can be targeted at lesions even in difficult positions, like
those close to the diaphragm or the heart.35 After introduction of
an artificial pleural effusion, the saline inside the thoracic cavity
also acts as a protection cushion preventing damage to the dia-
phragm and surrounding soft tissue. Unlike RFA energy which is
usually transferred to the lesion in continuous cycles of 12 min
each, HIFU energy is transferred to the tumour in cycles of
approximately 10 s each with 1-min breaks in between. The
operator has full control on the location, the power of energy
transmitted and the duration of break between cycles of energy
dissipation. This makes HIFU treatment more operator-
dependent; nonetheless, each treatment is tailor-made for the
patient.
There was a case of third-degree burn to the dermis which
required surgical debridement in the early study period. This
occurred in a patients with a lesion located near the subcapsular
region of section 5.When the ultrasound energy was focused near
the rib cage, reflection of the energy might cause accidental soft
tissue oedema and damage to the overlying structure. In addition,
the complication was also contributed to by the early learning
curve effect where the operator was unaware of the soft tissue
oedema demonstrated by the diagnostic ultrasound unit. A high
index of clinical suspicious could prevent a serious complication
during the procedure. Otherwise, complications arising from
HIFU are relatively minor. They are mostly related to soft tissue
oedema or discomfort after the procedure. Symptoms may be
more obvious if the tumour is located close to the subcapsular
region.36 These complications are usually self-limiting. In the
present study, the two groups of patients had similar rates of
serious complications.
There was no survival difference between the two groups. The
complete ablation rate was slightly better in the RFA group but no
significant difference was observed. However, patients with
advanced cirrhosis and considered not suitable for other treat-
ments were included in the HIFU group. More patients were
cured in spite of their background cirrhosis. Long-term survival
data on HIFU treatment will be collected as the follow-up period
lengthens.
In the management of small HCC, we suggest a hepatectomy
for primary HCC with preserved liver function as the first treat-
ment option. RFA should be performed in patients with small but
unresectable HCC where liver transplantation is not an option. A
percutaneous approach should be adopted if technically feasible.
Patients with gross ascites or a tumour located closed to bile duct,
major vessels, gallbladder and diaphragm should not be consid-
ered suitable for percutaneous RFA.HIFU should be considered as
an alternative ablation option for this group of patients. In the
case of recurrent disease, only patients with Child–Pugh class A
cirrhosis and selected patients with Child–Pugh class B cirrhosis
should be considered for re-resection or RFA. The usual indica-
tion for re-resection was a solitary or oligonodular tumour within
a single section of the liver in the presence of a sufficient future
liver remnant. A re-resection should be avoided in the presence of
gross ascites, an indocyanine green retention rate more than 15%
at 15 min and a platelet count lower than 100 ¥ 109/l. Percutane-
ous RFA should be considered when the recurrent tumour is in a
deep-seated location where an anatomical resection will sacrifice a
large amount of functional liver parenchyma. RFA should gener-
ally be avoided in the presence of gross ascites, a platelet count
lower than 50 ¥ 109/l in spite of a platelet transfusion and a
tumour located at difficult position as described above. HIFU
should be considered as an alternative ablation option for this
group of patients.
To conclude, in the treatment of HCCs smaller than 3 cm,
HIFU ablation provides a good oncological outcome, which is
comparable to that of percutaneous RFA. This relatively new
treatment modality can be offered to patients who have a poor
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